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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize characteristic of large rate of change or resistance 
and small hysteresis and enable easy operational temperature adjustment, by including 
thermosetting high molecular matrix, low molecular organic compound and conductive 
particles having spike-shaped protrusions. 

SOLUTION: Epoxy resin, silicon resin, etc., in which oligomer with reactive epoxy group at 
terminal, is bridged with various kinds of hardener are used as a thermosetting high molecular 
matrix. Paraffin wax whose melting point is 40-1 00°C, vegetable wax, animal wax, fats and 
oils, etc., are used as low molecular organic compound. Weight of conductive particles having 
spike-shaped protrusions is 1 .5-5 times the total weight of the thermosetting high molecular 
matrix and the low molecular organic compound. The conductive particles are composed of 
primary particles having the respective sharp protrusions. A plurality of conical spike 
protrusions, whose heights are 1/3-1/50 of the particle diameter, exist in one particle. Metal, 
especially Ni, is suitable as the material. As a result, room temperature resistance is 
sufficiently low, the rate of change of resistance at on-operation time and off-operation time is 
large, and hysteresis of temperature-resistance curve is made small. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is used as a thermo sensor or an overcurrent-protection 
component, and relates to the organic positive thermistor which has the PTC (positive temperature 
coefficient of resistivity) property that resistance increases with a temperature rise. 
[0002] 

[Description of the Prior Art] In this field, the organic positive thermistor which made the crystalline 
thermoplasticity macromolecule distribute a conductive particle is well-known, and is indicated by the 
U.S. Pat. No. 3243753 specification, the 3351882 specification, etc. A crystalline polymer expands with 
fusion and increase of resistance is considered for cutting the electric conduction path of a conductive 
particle. 

[0003] An organic positive thermistor can be used for an autogenous regulation mold heating element, 
an overcurrent-protection component, a thermo sensor, etc. As a property required of these, it is 
mentioned that the room temperature resistance at the time of un-operating is low enough, that room 
temperature resistance and the rate of a resistance value change at the time of actuation are large enough, 
and that the resistance value change by repeat actuation is small. 

[0004] In order to satisfy such demand characteristics, low-molecular organic compounds, such as a 
wax, are used and the organic positive thermistor which makes a thermoplastic macromolecule a matrix 
as a binder is proposed. As such an organic positive thermistor, there are a polyisobutylene / paraffin 
wax / carbon black system (F. Bueche, JAppl.Phys., 44, 532, 1973), styrene-butadiene rubber / paraffin 
wax / carbon black system (F. Bueche, J.Polymer Sci., 11,1319, 1973), and low density polyethylene / 
paraffin wax / carbon black system (KOhe et al., Jpn.J.Appl.Phys., 10, 99, 1971), for example. 
Moreover, a self-temperature control heating element, a current-limiting element, etc. using the organic 
positive thermistor using a low-molecular organic compound are indicated by each official report of 
JP,62- 16523,B, JP,7- 1 09786,B, 7-48396, JP,62-5 1 1 84,A, 62-5 1185, 62-5 1186, 62-5 1 1 87, JP, 1 - 
23 1284, A, 3-132001, 9-27383, and 9-69410. It is thought that resistance increases by fusion of a low- 
molecular organic compound in these cases. 

[0005] When a low-molecular organic compound is used for a working substance, there is an advantage 
that the standup at the time of generally resistance increasing according to a temperature up since degree 
of crystallinity is high compared with a macromolecule becomes steep. Moreover, although a hysteresis 
to which the direction of the temperature to which resistance usually decreases from the temperature to 
which resistance increases at the time of a temperature up at the time of a temperature fall becomes low 
is shown in order that a macromolecule may tend to take a supercooling condition, this hysteresis can be 
suppressed by using a low-molecular organic compound. Furthermore, if the low-molecular organic 
compound with which the melting points differ is used, the temperature (operating temperature) to 
which resistance increases is easily controllable. In the case of a macromolecule, by copolymerizing 
with the difference in molecular weight or degree of crystallinity, and a comonomer, the melting point 
can change, operating temperature can be changed, but in that case, in order to be accompanied by 
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change of a crystallized state, sufficient PTC property may not be acquired. 
[0006] However, in the organic positive thermistor currently indicated by the above-mentioned 
reference, since carbon black and a graphite are used as a conductive particle, low initial (room 
temperature) resistance and big resistance rate of change are not reconciled. Although the example 
which resistivity (ohm-cm) increased by 108 times is shown in Jpn.J.Appl.Phys., and 10, 99 and 1971, 
the resistivity in a room temperature is very high at 104 ohm-cm, and is not practical using especially an 
overcurrent-protection component or a thermo sensor. Moreover, the range of 10 or less to about 104 
times has each increment in the resistance (omega) in other reference, or resistivity (ohm-cm), and it is 
not sufficiently low. [ of room temperature resistance ] 

[0007] Moreover, with the melting point, when a thermoplastic macromolecule is used for a matrix, in 
order to soften and flow, when exposed especially to an elevated temperature, the distributed condition 
of a system changes, and there is a problem that a property is not stabilized. 
[0008] On the other hand, the low-molecular organic compound and the organic positive thermistor 
using the thermosetting macromolecule as a matrix are indicated by each official report of JP,2- 
156502,A, 2-230684, 3-132001, and 3-205777. However, carbon black and a graphite are used as a 
conductive particle, these of each resistance rate of change are also as small as a single or less figure, 
and room temperature resistance is not reconciling not a sufficiently low thing but low initial resistance 
and big resistance rate of change before and behind 1 ohm-cm, either. 

[0009] Moreover, not using the low-molecular organic compound, the organic positive thermistor which 
consists of only a thermosetting macromolecule and a conductive particle is proposed on each official 
report of JP,55-68075,A, 58-34901, 63-170902, JP,2-33881,A, 9-9482, and 10-4002, and U.S. Pat. No. 
4966729 number specifications. Also in these, since carbon black and a graphite are used as a 
conductive particle, there is no example which reconciled room temperature resistance of 0.1 or less 
ohm-cm and five or more-digit resistance rate of change. Moreover, generally, by the configuration of 
only a thermosetting macromolecule and a conductive particle, since there is no structure with the clear 
melting point, the standup of the resistance in a temperature-resistive characteristic becomes blunt, and 
the satisfactory property is not especially acquired for the application of an overcurrent-protection 
component or a thermo sensor in many cases. 

[0010] Although many carbon black and graphites had been used as a conductive particle with the 
conventional organic positive thermistor also including the above-mentioned thing, in order to lower 
initial resistance, when the fill of carbon black was made [ many ], sufficient resistance rate of change 
was not obtained, but there was a fault that it was incompatible in low initial resistance and big 
resistance rate of change. Moreover, although there was also an example which used general metal 
particles for the conductive particle, it was difficult to reconcile similarly low initial resistance and big 
resistance rate of change. 

[001 1] As an approach of solving the above-mentioned fault, the approach using the conductive particle 
which has the projection of the letter of a spike is indicated. The crystalline polymer, the conductive 
particle which specifically has the projection of polyvinylidene fluoride and the letter of a spike, and the 
organic positive thermistor which specifically consists of letter nickel powder of a spike are indicated by 
JP,5-47503,A. Moreover, the thing using nickel of the filament configuration which has the projection 
of the letter of a spike also on U.S. Pat. No. 5378407 specifications, and polyolefine, an olefin system 
copolymer or fluoropolymers is indicated. However, in these things, although the effectiveness of 
reconciling low initial resistance and a big resistance change improves, since the low-molecular organic 
compound is not used for a working substance, the point of a hysteresis is inadequate, and it is not 
suitable for an application like especially a thermo sensor. Moreover, when it heats further after 
resistance increases at the time of actuation, there is a problem that the NTC property (negative 
temperature coefficient of resistivity) that resistance decreases with a temperature rise is shown. In 
addition, on the above-mentioned official report and the above-mentioned specifications, using a low- 
molecular organic compound is not suggested at all. 

[0012] Moreover, the organic positive thermistor which comes to mix thermosetting resin and the 
conductive particle which has the projection of the letter of a spike in JP,5-198403,A and a 5-198404 



http : //www4 .ipdl . inpit. go .j p/cgi-bin/tran_web_cgi_ejj e 



8/6/2007 



JP,2000-223303,A [DETAILED DESCRIPTION] 



Page 3 of 1 1 



official report is indicated, and nine or more-digit resistance rate of change is obtained. However, it is 
difficult not to obtain sufficient resistance rate of change, if a filler fill is made [ many ] and room 
temperature resistance is lowered, but to reconcile low initial resistance and a big resistance change. 
Moreover, since it consists of thermosetting resin and a conductive particle, the standup of the increment 
in resistance is not sufficiently steep, either. In addition, it is not suggested at all that the above- 
mentioned official report also uses a low-molecular organic compound. 
[0013] 

[Problem(s) to be Solved by the Invention] Room temperature resistance is low enough, the resistance 
rate of change at the time of actuation and un-operating is large, the hysteresis of a temperature-system 
head curve is small, the NTC property after the increment in resistance is not seen, but adjustment of 
operating temperature is easy for the purpose of this invention, and it is offering an organic positive 
thermistor with high property stability moreover. 
[0014] 

[Means for Solving the Problem] Such a purpose is attained by following this invention. 

(1) The organic positive thermistor containing the conductive particle which has the projection of a 
thermosetting macromolecule matrix, a low-molecular organic compound, and the letter of a spike. 

(2) The organic positive thermistor of the above (1) whose melting point of said low-molecular organic 
compound is 40-200 degrees C. 

(3) The above (1) whose molecular weight of said low-molecular organic compound is 4,000 or less, or 
(2) organic positive thermistors. 

(4) One organic positive thermistor of above-mentioned (1) - (3) said whose low-molecular organic 
compounds are a petroleum system wax or a fatty acid. 

(5) One organic positive thermistor of above-mentioned (1) - (4) said whose thermosetting 
macromolecule matrices are either an epoxy resin, an unsaturated polyester resin, polyimide, 
polyurethane, phenol resin or silicone resin. 

(6) said - low-molecular - an organic compound ~ weight - said - thermosetting -- a macromolecule - 
- a matrix - weight - 0.2 - 2.5 - a time — it is -- the above -- (-- one --) - (-- five --) ~ either - an 
organic positive thermistor . 

(7) One organic positive thermistor of above-mentioned (1) - (6) with which the conductive particle 
which has the projection of said letter of a spike stands in a row in the shape of a chain. 

[0015] 

[Function] In this invention, since the conductive particle which has the projection of the letter of a 
spike is used, tunnel current becomes easy to flow with the configuration, and low room temperature 
resistance is obtained as compared with a spherical conductive particle. Moreover, since it is large as 
compared with what has spherical spacing between conductive particles, a bigger resistance change is 
obtained at the time of actuation. 

[0016] In this invention, a low-molecular organic compound is made to contain, and since the PTC 
(positive temperature coefficient of resistivity) property that resistance increases with a temperature rise 
by fusion of this low-molecular organic compound is made to discover, compared with the case where it 
is made to operate by fusion of a crystalline thermoplastic macromolecule, the hysteresis of a 
temperature-system head curve becomes small. Moreover, operating temperature can be easily adjusted 
by using the low-molecular organic compound with which the melting points differ compared with the 
case where operating temperature is adjusted using melting point change of a macromolecule etc. 
Moreover, the case where a thermosetting macromolecule is used as a working substance is differed 
from, and the standup of the resistance at the time of actuation is steep. 

[0017] Furthermore, in this invention, a thermosetting macromolecule is used as a matrix. In this 
invention, although the big resistance change at the time of actuation has been obtained using a big 
cubical expansion accompanying fusion of a low-molecular organic compound, since the melt viscosity 
of a low-molecular organic compound is low, if it operates, the configuration of a component cannot be 
maintained with the configuration of only a low-molecular organic compound and a conductive particle. 
Therefore, in order to prevent a flow by fusion of the low-molecular organic compound at the time of 
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actuation, deformation of a component, etc., it is necessary to distribute a low-molecular organic 
compound and a conductive particle to a matrix macromolecule. When a thermoplastic macromolecule 
is used for this matrix macromolecule, since a macromolecule fuses, above the melting point, a problem 
is especially in high temperature oxidation stability. In this invention, since the thermosetting 
macromolecule is used for the macromolecule matrix and a low-molecular organic compound and a 
conductive particle are distributed in an insoluble and infusible three-dimension reticulated matrix, 
compared with the case where a thermoplastic macromolecule is used, property stability improves very 
much, low room temperature resistance and the big resistance change at the time of actuation are 
stabilized, and it is maintained over a long period of time. 

[0018] Moreover, when a thermoplastic macromolecule matrix is used and it heats further after 
resistance increases, the NTC phenomenon in which resistance decreases with a temperature rise is 
shown. Moreover, at the time of cooling, resistance decreases from temperature higher than the melting 
point of a low-molecular organic compound, and the hysteresis of a temperature-system head curve is 
large. Especially the thing that resistance returns at temperature higher than laying temperature can 
become a big problem when using as a protection component. A NTC phenomenon is a phenomenon 
seen also by the system which used the thermoplastic macromolecule and the conductive particle, and by 
continuing passing the aftercurrent which resistance increased, a conductive particle carries out a 
rearrangement in the matrix of a melting condition, and is considered that resistance decreases. It is 
considered the reason same as resistance decreasing from temperature higher than the operating 
temperature at the time of heating at the time of cooling. By this invention, the above-mentioned fault, 
i.e., the NTC phenomenon after resistance increase, and the hysteresis of a temperature-system head 
curve are sharply improved by using a thermosetting insoluble and infusible macromolecule matrix. 
[0019] 

[Embodiment of the Invention] The organic positive thermistor of this invention contains the electric 
conduction child particle which has the projection of a thermosetting macromolecule matrix, a low- 
molecular organic compound, and the letter of a spike. 

[0020] Especially as a thermosetting macromolecule matrix, although not restricted, an epoxy resin, an 
unsaturated polyester resin, polyimide, polyurethane, phenol resin, and silicone resin are used 
preferably. 

[0021] An epoxy resin hardens the oligomer (from 100 molecular weight to 10,000 (about)) which has a 
reactant epoxy group in an end with various curing agents (bridge formation), and is classified into the 
glycidyl ether mold represented by bisphenol A, a glycidyl ester mold, a glycidyl amine mold, and an 
alicycle mold. Depending on an application, the polyfunctional epoxy resin of three or more organic 
functions can also be used. It is desirable to use the bisphenol A mold in these in this invention also in a 
glycidyl ether mold. As for the weight per epoxy equivalent of the epoxy resin to be used, 100 to about 
500 are desirable. A curing agent is classified into a polyaddition mold, a catalyst mold, and a 
condensation mold according to a reaction mechanism. The curing agent itself adds a polyaddition mold 
to an epoxy group or a hydroxyl group, and it has polyamine, an acid anhydride, polyphenol, the poly 
mercaptan, isocyanate, etc. A catalyst mold serves as a polymerization catalyst of epoxy groups, and has 
tertiary amine, imidazole derivatives, etc. A condensation mold is hardened by condensation with a 
hydroxyl group, and has phenol resin, melamine resin, etc. It is desirable to use a polyaddition mold 
especially a polyamine system, and an acid anhydride as a curing agent of the bisphenol A mold epoxy 
resin in this invention. What is necessary is just to decide hardening conditions suitably. 
[0022] Such an epoxy resin and the curing agent are marketed, for example, have Araldite by Epicoat 
(resin) by the oil-ized shell epoxy company, the epicure, the EPO mate (curing agent), and Ciba-Geigy 
etc. 

[0023] An unsaturated polyester resin is what was dissolved in the vinyl monomer which commits 
bridge formation by the polyester (about 1000 to 5000 molecular weight) which mainly made the subject 
a partial saturation dibasic acid or a dibasic acid, and polyhydric alcohol, stiffens organic peroxide, such 
as a benzoyl peroxide, as a polymerization initiator, and is obtained. A polymerization promotor may be 
used together and hardened if needed. As a raw material of the unsaturated polyester used by this 
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invention, as a partial saturation dibasic acid, a maleic anhydride and a fumaric acid are desirable, 
phthalic anhydride, isophthalic acid, and a terephthalic acid are desirable as a dibasic acid, and 
propylene glycol and ethylene glycol are desirable as polyhydric alcohol. As a vinyl monomer, styrene, 
diallyl phthalate, and vinyltoluene are desirable. Although what is necessary is just to decide the 
loadings of a vinyl monomer suitably, it is usually about 1.0-3.0 mols to one mol of fumaric-acid 
residue. Moreover, well-known polymerization inhibitor, such as quinones and hydroquinones, is added 
for the gelation prevention in a synthetic process, accommodation of a hardening property, etc. What is 
necessary is just to decide hardening conditions suitably. 

[0024] Such an unsaturated polyester resin is marketed, for example, has the NIPPON SHOKUBAI 
EPO rack, the Hitachi Chemical poly set, Dainippon Ink & Chemicals Pori Wright, etc. 
[0025] Although polyimide is divided roughly into a condensation mold and an addition mold by the 
manufacture approach, its bismaleimide mold polyimide of addition polymerization mold polyimide is 
desirable. Bismaleimide mold polyimide can be hardened using a reaction with homopolymerization and 
other unsaturated bonds, a Michael addition reaction with aromatic amine, or the Diels-Alder reaction of 
dienes. The bismaleimide system polyimide resin obtained by the addition reaction of bismaleimide and 
aromatic series diamines especially in this invention is desirable. Diamino diphenylmethane etc. is 
mentioned as aromatic series diamines. What is necessary is just to decide the composition / hardening 
condition suitably. 

[0026] Such polyimide is marketed, for example, has IMIDAROI by Toshiba Chemical CORP., Ciba- 
Geigy KERUIMIDO, etc. 

[0027] Polyurethane is obtained by the polyaddition reaction of the poly isocyanate and polyol. As poly 
isocyanate, although there are an aromatic series system and an aliphatic series system, an aromatic 
series system is desirable and 2 and 4- or 2, 6-tolylene diisocyanate, diphenylmethane diisocyanate, 
naphthalene diisocyanate, etc. are used preferably. A polypropylene glycol is desirable although there 
are polyether polyols, such as a polypropylene glycol, polyester polyol, acrylic polyol, etc. as polyol. 
Although an amine system (a tertiary amine system and amine salts, such as triethylenediamine) is 
sufficient as a catalyst, it is desirable to use organic metal systems, such as dibutyltin dilaurate and 
stannous octoate. In addition, cross linking agents, such as polyhydric alcohol and a multiple-valued 
amine, etc. may be used together as a subsidiary material. What is necessary is just to decide 
composition / hardening conditions suitably. 

[0028] Such polyurethane is marketed, for example, has Sumi Joule by the Sumitomo Bayer urethane 
company, NP series by Mitsui Toatsu Chemicals, Inc., coronate by the Japanese polyurethane company, 
etc. 

[0029] Phenol resin makes a phenol and aldehydes, such as formaldehyde, react, is obtained, and is 
divided roughly into a novolak mold and a resol mold by synthetic conditions. The novolak mold 
generated under an acid catalyst is hardened by heating with cross linking agents, such as a 
hexamethylenetetramine, and the resol mold generated under a basic catalyst is hardened under heating 
or acid-catalyst existence by independent [ its ]. Whichever may be used in this invention. What is 
necessary is just to decide composition / hardening conditions suitably. 

[0030] Such phenol resin is marketed, for example, has a stand light by Sumi Cong by Sumitomo 
Bakelite Co., Ltd., and Hitachi Chemical, TEKORAITO by Toshiba Chemical CORP., etc. 
[0031] Silicone resin consists of a repeat of siloxane association, and has silicone rubber of the 
condensation in which each denaturation silicone resin, such as the silicone resin mainly obtained from 
hydrolysis and the polycondensation of an ORUGANO halo silane and alkyd denaturation, polyester 
denaturation, acrylic denaturation, epoxy denaturation, phenol denaturation, urethane denaturation, and 
melamine denaturation, the silicone rubber which constructed the bridge with organic peroxide etc. in 
linear poly dimethylsiloxane or its copolymer, and room temperature curing (RTV) are possible, and an 
addition mold etc. 

[0032] Such silicone resin is marketed, for example, has the product made from the Shin-etsu chemistry, 
the Toray Industries Dow Corning make, various Toshiba Silicone silicone rubber, silicone resin, etc. 
[0033] Although the resin made from heat curing to be used can be suitably chosen according to the 
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desired engine performance and an application, it is desirable to use an epoxy resin and an unsaturated 
polyester resin especially. Moreover, you may be the polymerization object made to react mutually 
using two or more sorts. 

[0034] Although it is desirable to consist of only above thermosetting resin as for a macromolecule 
matrix, an elastomer, thermoplastics, or its mixture may be included depending on the case. 
[0035] Although there will be especially no limit if the low-molecular organic compound used for this 
invention is the crystalline substance of 200-800 still more preferably [ molecular weight is desirable to 
about 4000, and ] to about 1000, what is a solid-state in ordinary temperature (temperature of about 25 
degrees C) is desirable. 

[0036] As a low-molecular organic compound, there are waxes (specifically petroleum system waxes, 
such as paraffin wax and a micro crystallin wax, a vegetable system wax, an animal system wax, a 
natural wax like a mineral system wax, etc.), fats and oils (what is specifically called a fat or solid-state 
fat), etc. The component of a wax or fats and oils A hydrocarbon (-- concrete - the straight chain 
hydrocarbon of a with a carbon numbers of 22 or more alkane system etc. --) ~ a fatty acid (-- concrete - 
- the fatty acid of the straight chain hydrocarbon of a with a carbon numbers of 12 or more alkane 
system etc. -) ~ fatty acid ester The methyl ester of the saturated fatty acid specifically obtained from 
with a carbon numbers of 20 or more saturated fatty acid and lower alcohol, such as methyl alcohol, etc. 
and (fatty-acid) amides (-- concrete - unsaturated fatty acid amides, such as oleic amide and an erucic- 
acid amide, etc. --), although it is fatty amine (specifically with a carbon numbers of 16 or more 
aliphatic series primary amine), higher alcohol (specifically with a carbon numbers of 16 or more n- 
alkyl alcohol), chloroparaffin, etc. It is independent, or these very thing can be used together and can be 
used as a low-molecular organic compound. What is necessary is just to choose a low-molecular organic 
compound suitably in consideration of the polarity of a macromolecule matrix, in order to make 
distribution of each component good. As a low-molecular organic compound, a petroleum system wax 
and a fatty acid are desirable. 

[0037] These low-molecular organic compounds are marketed and a commercial item can be used for 
them as it is. 

[0038] Since operating temperature aims at the thermistor which is 100 degrees C or less still more 
preferably 200 degrees C or less preferably in this invention, it is desirable that the melting point mp 
uses what is 40-100 degrees C still more preferably 40-200 degrees C as a low-molecular organic 
compound. As such a thing, it is paraffin wax (for example, 49-52 degree C of tetracosane C24H50;mp 
(s)). Hexa thoria KONTAN C36H74;mp73 degree C, trade name HNP-10(NIPPON SEIRO CO., LTD. 
make);mp75 degree C, Micro crystallin waxes, such as HNP-3(NIPPON SEIRO CO., LTD. 
make);mp66 degree C for example, trade name Hi-Mic-1080(NIPPON SEIRO CO., LTD. make);mp ~ 
83 degree C Hi-Mic-1045(NIPPON SEIRO CO., LTD. make);mp70 degree C, Hi-Mic2045(NIPPON 
SEIRO CO., LTD. make);mp64 degree C, Hi-Mic3090(NIPPON SEIRO CO., LTD. make);mp89 degree 
C, SERATTA 104(Nippon Oil purification company make);mp96 degree C, 155 micro wax (the Nippon 
Oil purification company make); mp70 degree C etc., a fatty acid (for example, behenic acid (Nippon 
Fine Chemical make);mp81 degree C and stearic acid (Nippon Fine Chemical make);mp ~ 72 degree C) 
Palmitic acid (Nippon Fine Chemical make); mp64 degree C etc. has fatty acid ester (for example, 
arachin acid methyl ester (Tokyo formation make);mp48 degree C etc.), a fatty-acid amide (for example, 
oleic amide (Nippon Fine Chemical make);mp76 degree C), etc. Moreover, there are polyethylene wax 
(for example, trade name Mitsui yes wax 1 10(Mitsui Petrochemical Industries, Ltd. make);mpl00 
degree C), octadecanamide (mpl09 degree C), a behenic acid amide (mpl 1 1 degree C), a N-N'-ethylene 
screw lauric-acid amide (mpl57 degree C), N-N- dioleoyl adipic-acid amide (mpl 19 degree C) and N- 
N'-hexa methylenebis-12-hydroxy octadecanamide (mpl 40 degree C), etc. Moreover, what mixed the 
micro crystallin wax in the combination wax which blended resin with paraffin wax, or this combination 
wax, and made the melting point 40-200 degrees C can be used preferably. 

[0039] One sort or two sorts or more can be chosen and used for a low-molecular organic compound 
with operating temperature etc. 

[0040] As for especially the weight of the low-molecular organic compound to be used, it is desirable 
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that it is 0.2 to 2.5 times the sum total weight of a thermosetting macromolecule matrix (a curing agent 
etc. is included) of this 0.2 to 4 times. If this mixing ratio becomes small and the amount of a low- 
molecular organic compound decreases, resistance rate of change will become that it is sufficiently hard 
to be obtained. If a mixing ratio becomes large on the contrary and the amount of a low-molecular 
organic compound increases, in case a low molecular weight compound fuses, an element assembly will 
deform greatly, and also mixing with a conductive particle becomes difficult. 

[0041] The conductive particle which has the projection of the letter of a spike used for this invention is 
formed from one piece and a primary particle with the projection with one sharp piece, and the 
projection of the letter of a spike of the shape of **** of the height of 1 / 3 - 1/50 of particle size 
recognizes [ the particle ] two or more (usually 10-500 pieces) existence at one particle. The quality of 
the material has a metal, especially desirable nickel, etc. 

[0042] Although one piece and one piece may be the fine particles which exist according to an 
individual, as for such a conductive particle, it is desirable that about 10-1000 primary particles stand in 
a row in the shape of a chain, and form the aggregated particle. A primary particle may exist in a chain- 
like thing in part. As a former example, there is spherical nickel powder with the projection of the letter 
of a spike, and it is a trade name INCO. Type It is marketed as 123 nickel powder (parakeet company 
make), and the mean particle diameter is 3-7 micrometers. Extent and an apparent consistency are about 
three 1.8 - 2.7 g/cm, and specific surface area is about [ 0.34-0.44m ] 2/g. 

[0043] Moreover, as an example of the latter used preferably, there is filament-like nickel powder and it 
is a trade name INCO. Type It is marketed as 210, 255, 270, and 287 nickel powder (parakeet company 
make), among these is INCO. Type 255 and 287 are desirable. And the mean particle diameter of the 
primary particle is 0.1 micrometers preferably. It is or more 0.5 4.0-micrometer or less extent more 
preferably above. Among these, 1.0 or more micrometers [ 4.0 ] or less are the most desirable, and the 
mean particle diameter of a primary particle is the mean particle diameter of 0.1 micrometers to this. A 
less than 1 .0-micrometer thing may be mixed 50 or less % of the weight above. Moreover, an apparent 
consistency is about three 0.3 - 1.0 g/cm, and specific surface area is about [ 0.4-2.5m ] 2/g. 
[0044] In addition, the mean diameter in this case is measured by the fish subsieve method. 
[0045] Such a conductive particle is indicated by JP,5-47503,A and the U.S. Pat. No. 5378407 
specification. 

[0046] moreover, auxiliary as a conductive particle for giving the conductivity other than the conductive 
particle which has the projection of the letter of a spike Carbon black, graphite, a carbon fiber, metallic- 
coating carbon black, Carbon system conductivity particles, such as graphite-ized carbon black and a 
metallic-coating carbon fiber, Metal particles, such as the shape of a globular shape and a flake, and 
fibrous, dissimilar metal covering metal particles (silver coat nickel etc.), tungsten carbide, titanium 
nitride, zirconium nitride, titanium carbide, titanium boride, and silicification ~ the conductive 
potassium titanate whisker indicated by ceramic system conductivity particles, such as molybdenum, 
and JP,8-31554,A, and the 9-27383 official report may be added. As for such a conductive particle, it is 
desirable to carry out to 25 or less % of the weight which has the projection of the letter of a spike of a 
conductive particle. 

[0047] As for the weight of the conductive particle to be used, it is desirable that it is 1.5 to 5 times the 
sum total weight (sum total weight of the organic component containing a curing agent etc.) of a 
thermosetting macromolecule matrix and a low-molecular organic compound. If this mixing ratio 
becomes small and the amount of a conductive particle decreases, it becomes impossible to make 
sufficiently low room temperature resistance at the time of un-operating. If the amount of a conductive 
particle increases on the contrary, big resistance rate of change will become is hard to be obtained, and 
the property by which uniform mixing became difficult and was stabilized will become is hard to be 
acquired. 

[0048] Next, the manufacture approach of the organic positive thermistor of this invention is explained. 
First, it mixing the conductive particle which has the projection of low-molecular organic compounds, 
such as thermosetting resin before hardening of the specified quantity, and a curing agent, and the letter 
of a spike and considers as the shape of a coating dispersedly. Various agitators, a disperser, a mill, the 
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mill for coatings, etc. are used that mixing and distribution should just be based on a known approach. 
Vacuum degassing is performed when air bubbles mix during mixing. For preparation of viscosity, 
various solvents, such as aromatic hydrocarbon, ketones, and alcohols, may be used. What slushes this 
into metallic foil inter-electrode, such as nickel and copper, or made it the shape of a sheet by spreading 
of screen-stencil etc. is hardened on the predetermined heat treatment conditions of thermosetting resin. 
After performing precure at low temperature comparatively at this time, there is also a method of 
making it an elevated temperature and performing this hardening. Moreover, a conductive paste etc. is 
applied to what hardened only mixture in the shape of a sheet, and it is good also as an electrode. The 
acquired sheet Plastic solid is pierced in a desired configuration, and let it be a thermistor component. 
[0049] Moreover, various additives may be mixed in the organic thermistor of this invention as long as 
it does not spoil the property of this invention. For example, in order to prevent the heat deterioration of 
a macromolecule matrix and a low-molecular organic compound, an antioxidant can also be mixed, and 
phenols, organic sulfur, and FOSU fights (organic phosphorus system) are used. 

[0050] Moreover, an inorganic nitride, a magnesium oxide, etc. which are indicated by the silicon nitride 
indicated by JP,57-12061,A, a silica, an alumina, clay (a mica, talc, etc.), the silicon indicated by JP,7- 
77161,B, silicon carbide, silicon nitride, beryllia, a selenium, and JP,5-21771 1,A may be added as a 
right pyroconductivity additive. 

[0051] On the titanium oxide indicated by JP,5-2261 12,A for the improvement in endurance, ferrous 
oxide, a zinc oxide, a silica, magnesium oxide, an alumina, chromic oxide, a barium sulfate, a calcium 
carbonate, a calcium hydroxide, lead oxide, the inorganic solid-state of high specific inductive capacity 
indicated by JP,6-68963,A, and a concrete target, barium titanate, strontium titanate, a niobic acid 
potassium, etc. may be added. 

[0052] The boron carbide indicated by JP,4-74383,A for the withstand voltage improvement may be 
added. 

[0053] The hydration titanic-acid alkali indicated by JP,5-74603,A for the improvement on the strength, 
the titanium oxide indicated by JP,8-17563,A, an iron oxide, a zinc oxide, a silica, etc. may be added. 
[0054] the alkali halide indicated by JP,59-10553,B as a crystalline-nucleus agent, melamine resin, the 
benzoic acid indicated by JP,6-7651 1,A, a JIBEN zylidene sorbitol, a benzoic-acid metal salt, the talc 
indicated by JP,7-6864,A, a zeolite, a JIBEN zylidene sorbitol, the sorbitol derivative (gelling agent) 
indicated by JP,7-263127,A, and asphalt ~ phosphoric-acid bis(4-t-buthylphenyl) sodium etc. may be 
added further. 

[0055] As an arc accommodation control agent, the alumina indicated by JP,4-28744,B, a magnesia 
hydrate, the metal hydrate indicated by JP,61-250058,A, silicon carbide, etc. may be added. 
[0056] As a metal damage inhibitor, IRUGA NOx MD 1024 (Ciba-Geigy make) indicated by JP,7- 
6864,A may be added. 

[0057] Moreover, the Lynn system compounds, such as 3 oxidization 2 antimony indicated by JP,61- 
239581, A, an aluminum hydroxide, a magnesium hydroxide indicated by JP,5-74603,A, an organic 
compound (a polymer is included) containing halogens, such as a 2 and 2-bis(4-hydroxy - 3, 5-dibromo 
phenyl) propane and polyvinylidene fluoride (PVDF), and ammonium phosphate, etc. may be further 
added as a flame retarder. 

[0058] Besides these, zinc sulfide, basic magnesium carbonate, an aluminum oxide, a calcium silicate, a 
magnesium silicate, aluminosilicate clay (a mica, talc, a kaolinite, montmorillonite, etc.), glass powder, 
a glass flake, a glass fiber, a calcium sulfate, etc. may be added. 

[0059] As for these additives, it is desirable that it is 25 or less % of the weight of the sum total weight 

of a macromolecule matrix, a low-molecular organic compound, and a conductive particle. 

[0060] The organic positive thermistor of this invention has the low initial resistance at the time of un- 

operating, it is 10-2 - 100 ohm-cm extent, and its resistance rate of change which lasts from the time of 

un-operating at the time of actuation is [ the room temperature resistivity has the steep standup of the 

resistance at the time of actuation, and ] as large as 6 or more figures. 

[0061] 

[Example] Hereafter, the example of this invention is shown with the example of a comparison, and this 
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invention is explained concretely. 

Filament-like nickel powder (the product made from INCO, trade name Type255 nickel powder) was 
used as a <example 1> thermosetting giant-molecule matrix as paraffin wax (the NIPPON SEIRO CO., 
LTD. make, trade name HNP-10, melting point of 75 degrees C), and a conductive particle as the 
bisphenol A mold epoxy resin (oil-ized shell epoxy company make, trade name Epicoat 801), a 
denaturation amine system curing agent (oil-ized shell epoxy company make, trade name EPO mate 
B002), and a low-molecular organic compound. The mean particle diameter of a conductive particle is 
2.2-2.8 micrometers. An apparent consistency is 0.5 - 0.65 g/cm3, and specific surface area is 0.68m2/g. 
[0062] 20g [ of the bisphenol A mold epoxy resins ], lOg [ of denaturation amine system curing agents ], 
and paraffin wax 15g (0.5 times of the sum total weight of an epoxy resin and a curing agent), nickel 
powder 180g (4 times of the sum total weight of an organic component), and toluene 20ml were mixed 
by the centrifugal type disperser for about 10 minutes. And it is 30 micrometers in thickness about the 
mixture of the shape of an acquired coating. After applying to one side of the electrode of nickel foil, it 
put with nickel foil electrode of one more sheet, and it inserted into the brass plate, and carried out to 
1mm in thickness on the whole using the spacer, and heat hardening was carried out at 80 degrees C by 
the condition of having pressurized with the heat press machine for 3 hours. The sheet- like hardened 
material with which thermocompression bonding of this electrode was carried out was pierced to discoid 
with a diameter of 1cm, and the organic positive thermistor component was obtained. The outline 
sectional view of this thermistor component is shown in drawing 1 . As shown in drawing 1 , a 
thermistor component puts the thermistor element assembly 12 which is a sheet-like hardened material 
containing a low-molecular organic compound, a macromolecule matrix, and a conductive particle 
between the electrodes 1 1 formed from nickel foil. 

[0063] This component was heated by 2 degrees C / min from a room temperature (25 degrees C) to 120 
degrees C within the thermostat, and it cooled, and at predetermined temperature, resistance was 
measured by 4 terminal method and the temperature-system head curve was obtained. This result is 
shown in drawing 2 . 

[0064] Resistance rose rapidly near 8.2x10 the melting point of 75 degrees C of -3 ohm (6.4xl0-2ohm 
and cm) and a wax, and the resistance rate of change of initial room temperature resistance (25 degrees 
C) was 10 or more figures. After resistance increased, even if it continued heating to 120 more degrees 
C, the reduction in resistance (NTC phenomenon) was not seen. Moreover, the hysteresis was 
sufficiently small, without the temperature-system head curve at the time of cooling changing a lot with 
the thing at the time of heating. 

[0065] The unsaturated polyester resin (the NIPPON SHOKUBAI make, trade name G-l 10AL) was 
used as a <example 2> thermosetting macromolecule matrix, and the filament-like nickel powder (the 
product made from INCO, trade name Type255 nickel powder) same as behenic acid (the Nippon Fine 
Chemical make, melting point of 81 degrees C) and a conductive particle as a benzoyl peroxide (the 
Kayaku AKZO make, trade name KADOKKUSU B-75W) and a low-molecular organic compound as 
an example 1 was used as organic peroxide. 

[0066] 30g [ of unsaturated polyester resins ], 0.3g [ of benzoyl peroxides ], 15g [ of behenic acid ], and 
nickel powder 180g and toluene 20ml were mixed by the centrifugal type disperser for about 10 
minutes. And it is 30 micrometers in thickness about the mixture of the shape of an acquired coating. 
After applying to one side of the electrode of nickel foil, it put with nickel foil electrode of one more 
sheet, and it inserted into the brass plate, and carried out to 1mm in thickness on the whole using the 
spacer, and heat hardening was carried out for 30 minutes at 80 degrees C by the condition of having 
pressurized with the heat press machine. The sheet-like hardened material with which 
thermocompression bonding of this electrode was carried out was pierced to discoid with a diameter of 
lcm, and the organic positive thermistor component was obtained. And the temperature- system head 
curve of this component was obtained like the example 1 . This result is shown in drawing ! . 
[0067] Resistance rose rapidly near 5.0x10 the melting point of 81 degrees C of -3 ohm (3.9xl0-2ohm 
and cm) and behenic acid, and the resistance rate of change of initial room temperature resistance (25 
degrees C) was 8 or more figures. After resistance increased, even if it continued heating to 120 more 
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degrees C, most reduction (NTC phenomenon) of resistance was not seen. Moreover, the hysteresis was 
sufficiently small at about 10 degrees C, without the temperature-system head curve at the time of 
cooling changing a lot with the thing at the time of heating. The hysteresis drew the tangent of the curve 
actuation before on the graph of a temperature-system head curve, and after actuation, made the 
intersection operating temperature, asked for operating temperature from the temperature-system head 
curve at the time of a temperature fall similarly, and considered the difference (absolute value) of both 
operating temperature as whenever [ hysteresis ]. 

[0068] In the <example 3> example 1 as a thermosetting macromolecule matrix Instead of the bisphenol 
A mold epoxy resin and a denaturation amine system curing agent Poly amino bismaleimide prepolymer 
(Ciba-Geigy make, trade name KERUIMIDO B601) 20g, Dimethylformamide lOg When used, and it 
was made to harden at 180 degrees C by 150 degrees C for 3 hours for 1 hour, and also the thermistor 
component was produced like the example 1 and having been evaluated similarly, the result equivalent 
to the thermistor component of an example 1 was obtained. 

[0069] It sets in the <example 4> example 1 , and is polyurethane (product made from Japanese 
polyurethane industry, trade name coronate) 30g as a thermosetting giant-molecule matrix instead of the 
bisphenol A mold epoxy resin and a denaturation amine system curing agent. When used, and it was 
made to harden at 100 degrees C for 1 hour, and also the thermistor component was produced like the 
example 1 and having been evaluated similarly, the result equivalent to the thermistor component of an 
example 1 was obtained. 

[0070] It sets in the <example 5> example 1 , and is 30g (the Sumitomo Bakelite make, trade name Sumi 
Cong PM) of phenol resin as a thermosetting giant-molecule matrix instead of the bisphenol A mold 
epoxy resin and a denaturation amine system curing agent. When used, and it was made to harden at 120 
degrees C for 3 hours, and also the thermistor component was produced like the example 1 and having 
been evaluated similarly, the result equivalent to the thermistor component of an example 1 was 
obtained. 

[0071] It sets in the <example 6> example 1, and is silicone rubber (Toshiba Silicone make, trade name 
TSE3221) 30g as a thermosetting giant-molecule matrix instead of the bisphenol A mold epoxy resin 
and a denaturation amine system curing agent. When used, and it was made to harden at 100 degrees C 
for 1 hour, and also the thermistor component was produced like the example 1 and having been 
evaluated similarly, the result equivalent to the thermistor component of an example 1 was obtained. 
[0072] Not using <example 1 of comparison> paraffin wax, 4 times as much nickel powder as the sum 
total weight of an epoxy resin and a curing agent was blended, and also the thermistor component was 
produced like the example 1 . And the temperature-system head curve of this component was obtained 
like the example 1 . This result is shown in drawing 4 . 

[0073] The room temperature resistance in early stages of this component (25 degrees C) was 8.8x10 to 
3 ohm (6.9x10-2 ohm-cm), resistance increased from 80-degree-C order gradually, and a clear transition 
temperature was not obtained. Moreover, resistance was 13ohms at 180 degrees C, and resistance rate of 
change was as small as 3.2 figures. 

[0074] Used <example 2 of comparison> carbon black (the Tokai Carbon make, trade name talker black 
#4500; mean-particle-diameter [ of 60nm ], and specific-surface-area 66m2/g) for the conductive 
particle, and 0.3 times as much carbon black as the sum total weight of an epoxy resin, a curing agent, 
and paraffin wax was blended, and also the thermistor component was produced like the example 1, and 
it evaluated similarly. 

[0075] The room temperature resistance in early stages of this component (25 degrees C) was 7.2ohms 
(56.5 ohm-cm), resistance rose near the melting point of 75 degrees C of a wax, and resistance rate of 
change was 2.5 figures. 

[0076] Moreover, although room temperature resistance was able to be lowered when the loadings of the 
above-mentioned carbon black were increased 0.5 weight twice to mixture, resistance rate of change 
decreased further. The effectiveness of the conductive particle which has the projection of the letter of a 
spike by this is clear. 
[0077] 
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[Effect of the Invention] According to this invention, room temperature resistance is low enough, the 
resistance rate of change at the time of actuation and un-operating is large, the hysteresis of a 
temperature-system head curve is small, the NTC property after the increment in resistance is not seen, 
but adjustment of operating temperature is easy and, moreover, offer can be offered for an organic 
positive thermistor with high property stability. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows me wor _ w hich can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The organic positive thermistor containing the conductive particle which has the projection of 
a thermosetting macromolecule matrix, a low-molecular organic compound, and the letter of a spike. 
[Claim 2] The organic positive thermistor of claim 1 whose melting point of said low-molecular organic 
compound is 40-200 degrees C. 

[Claim 3] The organic positive thermistor of claims 1 or 2 whose molecular weight of said low- 
molecular organic compound is 4,000 or less. 

[Claim 4] One organic positive thermistor of claims 1-3 said whose low-molecular organic compounds 
are a petroleum system wax or a fatty acid. 

[Claim 5] One organic positive thermistor of claims 1-4 said whose thermosetting macromolecule 
matrices are either an epoxy resin, an unsaturated polyester resin, polyimide, polyurethane, phenol resin 
or silicone resin. 

[Claim 6] One organic positive thermistor of claims 1-5 whose weight of said low-molecular organic 
compound is 0.2 to 2.5 times the weight of said thermosetting macromolecule matrix. 
[Claim 7] One organic positive thermistor of claims 1-6 with which the conductive particle which has 
the projection of said letter of a spike stands in a row in the shape of a chain. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline sectional view of an organic positive thermistor component. 
[ Drawin g 2] It is the temperature-system head curve of the thermistor component of an example 1 . 
[Dra wing 3] It is the temperature-system head curve of the thermistor component of an example 2. 
[D rawing 4] It is the temperature-system head curve of the thermistor component of the example 1 of a 
comparison. 

[Description of Notations] 

1 1 Electrode 

12 Thermistor Element Assembly 
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Abstract of JP2000223303 

PROBLEM TO BE SOLVED: To realize characteristic of large rate of change or resistance and small 
hysteresis and enable easy operational temperature adjustment, by including thermosetting high 
molecular matrix, low molecular organic compound and conductive particles having spike-shaped 
protrusions. SOLUTION: Epoxy resin, silicon resin, etc., in which oligomer with reactive epoxy group at 
terminal, is bridged with various kinds of hardener are used as a thermosetting high molecular matrix. 
Paraffin wax whose melting point is 40-100 deg.C, vegetable wax, animal wax, fats and oils, etc., are 
used as low molecular organic compound. Weight of conductive particles having spike-shaped 
protrusions is 1.5-5 times the total weight of the thermosetting high molecular matrix and the low 
molecular organic compound. The conductive particles are composed of primary particles having the 
respective sharp protrusions. A plurality of conical spike protrusions, whose heights are 1/3-1/50 of the 
particle diameter, exist in one particle. Metal, especially Ni, is suitable as the material. As a result, room 
temperature resistance is sufficiently low, the rate of change of resistance at on-operation time and off- 
operation time is large, and hysteresis of temperature-resistance curve is made small. 
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s. . 44, 532. 1973) „ X? U yi>7/W/^ 
^-fl/^'V^X/A-^V^'^KF. Bueche, J. Poly 
mer Sci. .U. 1319, 1973) , «*J*jK'Ji^U>/y<5 7 
-f >9«V$X/*— 7t?>?7«y££(K.0he et al.,Jpn. 
J. App I. Phys.. 10, 99. 1971 )*<*«„ £fc, tt**RB62-165 
23*, ft£¥7-1 09786*, 137-48396*, ttMBB62-6118 
4*, H62-51185*, H62-51186*, [^62-51 187*, ft 
!M!¥1-231284*, PJ3-132001*, ^9-27383*, I39-694 
H»0>#»»=t«#^*Wb**tttofc*«irEtt 

10 tt*-sx**mifesaauE««ftfttt. 

#HS*sh.Tl*4. ^♦L&(0«#l4fi^*«Mb^*<Z) 
[0 0 0 5] ttft?*«Mbfttt£tt4HMtl::m'4J:. 

-«icSi^icib-tTiss<bSA<SiLxfcto % #aiz«k y 

tttttfit**-4l(K»£*±#ytf»*l=ft«i^5«jft 

*<&i.o *fc, *ft*tt»*iPttB*Ji*y«>-ri*fc*>. 

fi»*<*'>-r *aS0)75*<« < ft 4 J: 5 ft t X f 'J vX £ 

20 ->X£if|]x.4-.!:A<TJ#4. *&l=tt, HtfiO>Jlft4tt 
ft ; HrtMb**tffllvh.tf. «ttjMi*+4a* (ME 

aft) **»i=Mft-e*4. ft***>*a 

A<. ii*«0)tfl:«#3fcftl:+#<CPTC 
[0 0 0 6] LfrL, ±EX«l=BS**iri^«#«lt 

v**MM«jii*&*iTi»*«>"e. flt^tD»i ma.) s 

30 tti**ft*ft»b*fc*B4*-H:rLxftLx. Jpn.J.Ap 
pi. Phys., 10.99. 19711=14, tttESitt (Q ■ cm) 4<10» 
ttJM0Lfc«#S**iTl*4ff. ^fflTi<»i±afciffil4 1 

o<q •ore#tti=x<. fti=a«aE*a**-*>ait-fe 

(Q) fe-SLMtitSfetfll (Q - cm) £0«JQ 

(4, t»r*i* 1 oteKTFfrb 1 o A fem&<Dftmtztb 
y, aa*a*+»«L»*©-ettft^. 

[0 0 0 7] Sfc. Th'Jy^XI=»WattK»^*ffl 

40 *6**Lfct**©»*tt«!6<*ftL, &tttf£3£Lft 

[0 0 0 8] -75, VHJ-^X 
t LT^b1tK»?$ffl^fc^filMjE^tt^-5X^ 
f#IB¥2-1 56502*, 2-230684*, P3-1 32001*, 
H3-205777»ffl*4MII=ll***LTt»4. L*n Lfttf 

*<ffl^b*ixfcy , tttt*fl:»ttL»r*i* 1 *fJSlTi/J» 

$ < , mZ&tiil 1 Q • cmffirftT*+»ffiL^t,©r*l4ft 
<, «L^lD«!«lafc*#ft»ft*ft*t«i5iil4l±Tt\ 
50 ft^„ 
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[0009] *fc. «»^*«ft***fflLx-f. mat 

-5X*A<. ttMRH55-680754 % 1458-349014. H63-1 
709024. WMJP2-3388HI. (SI9-94824, (3J10-40024 
©#4**L #H#tt49667294Wi*H»T-Sag£*l.-C^ 

•V^^^>*teA<fflL^C,^^TL^SO■^. O. 1 Q ■ cmJilT© 

tt*ttf=feif *tttt©afc±*t y tfM < ft y , fticjfi* 

[0 0 10] ±E©t©i£tf>. «*<0^*KiE^tt-9- 
- 5 X 4i -e l± IHttttt-T t L T * -/f? > ? 7 £ -PHRiS 

#>:773»*©*****< Lfc**l=+aftJStt*fl: 
*AM»&*i1\ ffiLx*0»liigti:*tft«ta»b*t*S 
4-e*ft^i:^5*A36«*ofc. *fc, -»©&«*&* 
t»«tett*l=m*fcfllt,*«tf. BHi«fc5Kfti,vft]»| 

«ttt *#ft*a*fc*i: mzzv* z t itrnttvib 

[001 1] ±B<o&A*m*+iU&bL-c % XjU 

TH«. »Msp5-47 5 03#»*=(4, £Stt«£ 

fi**r*«*tttt*. UttMfcliX/M^ttN i/^ 
y-t 6 ft 4* Wt JEW**- <)<B!!* S*ir I* 
So #Sfttt»53 7 840 74W*ffl*lCfc % X 

ftA<b, C*i6ffl*©T?tt. ffil**D»Stt£X-#ftiSSi 
*1I^MlfH*KI=m*Tl*ftl*©-T?fcX7 L iJ 5/X©jSA< 

*+#t-& y , wcais* ©j: a ftsaiciia;* 

t , ;S«±# tit 1= tfSttt SNTCStt <ne 
gative temperature coefficient of resistivity ) £ 

TUftlV, 

[0 0 12] *fc. »M¥5-1 98403^. « 5 - 
1 9 8 4 0 4^4Mlf=f*, IMHbft«f»tX/W 

£**tttt? £ £ S* L T ft -5*«MIE^tt 
1*-5X$>WJfl*£;rvcfcy s 9*ria±©«ffifc<b**< 
#6*1X1*4. LfrLfttfb, 7-r7-*ltt**< L 
TMS«ftfii£Tlf 4 b +»4*tt*ft»4«»6*ir» 
«L^«littttt **ft«ft*<b 4S44 #4 - £ liB» 



*iti*4©t% ttttHlDa>A«±^u 4+#fttt&t© 
T-tifti\ ftfc\ ±C4Mi-et, 

[00 13] 

i&mw&iL±ob+z®m] x&masmts m;& 

lMm£$It*l*©ttft*<b**<*# 
<» ;5«-&fitffi«©tXx'Ji/X7!)</Jx£<, ffitfiJSJn 

^©NTc^ttA<Mbn-r. n*iia©ntt*t»A-efc 

[00 14] 

[»fH^«*-rSfc«>©^S] ^©.fcdftgWl*, TIE 

(2) lftEtt#?*a4bfttt©|ftjfitf4 0~2 0 0% 

T-fe4±E (1) OfflMiEfttt'tf— sx*. 

(3) MECOTfflllkftWMHFftJM. OOOfil 
20 T-t?feS±K (1) *fc|* (2) ©**KiE^tt+r-5 

X$ 0 

(4) lffie#Tftttttfttt^ttS'7y»x*feii 
IBftin?*«±E (1) ~ (3) ©L^r*i3^ffl*«JtiE 

(5) ftEMfctWOT? Mj s/*XA<. xiK+i, 
«tn. *«D#yxxf-;U»K. tK'MSK. tK'j-7L/ 
* 7i/ -;H8JJg£ fci**/ "J a ->8}Bg©L>r*L*> 
T-feS±E (1) ~ (4) ©^r*ifr©*«JtiEfttt-9- 

30 (6) mec«7«wb#tt©sut. mitit 

SS»T-T h'J <y^X©»*©0. 2-2. 5teT*fc-5± 

e (D ~ (5) ©i*r*i*©*«jt3EWit-y--5x 

^o 

(7) «rEx/^^tt©«e«*-4-«*«tttt^« 
tti^aftortx^iE d) ~ (6) ©t^rtiA^©** 

JtiE#tt+r-5X^ 0 
[00 15] 

tt^tffli^T^iro-c. *©»«(=* y h>*;um»< 
*o wi*r<fty. «tt©»«tttt^tib*LT«t« 

©irtb«LT7t#LNfc«>, »^H»l=l4«fcy*#ftfttt* 

[oo 1 6] MRttt. (S»^**^b^«i$#** 

c ©fi^*tt^^#i©ltt»ic i y fflS±» tit 
l=ffitafilA<lS*-f SP T C (positive temperature coef 
ficient of resistivity)4#14*IBS*#TU4©-c, 
^ a a B 14©^RrmttS^©»«l= J: o T * 
irib^rajt-fitattl*© tXf 'J i/Xtf/h* < ftSo 
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[0 0 17] Jbl:, *IEWt*l±, 7h'J7^XtLT 

ftttttXIbtftTHfttf. fc«muft 
^©^©flljDET-ii, «^*«ft*«a>SH«;a^fiL« 

nff »a>iE5mr«Hb*4b(oiUii= a **©g 

**£*«tttt*i:*$HBrt-4**tffc4. C(D7h'J 
ttf=fta££ttl::mfl4tfe 
*JHlvcfcy. ?&HII©3*jc|qtt? MJ ?9x+K: 

i=»±u is^as«fett«i^^<o*t)j£ata^btA< 

[0 0 18] *fc-, »i?MttK#^vhij„^^tffl^ 
ii*l=*tt*tf*d^4NTcH***r. *fc, * 
tt***'> L . ajt -ttflUMa 1 Xf y 

atxaa* y nas-ettKaata*-*- 4 c t t*. * 
f =«»«* t l r ffl * t * # <cibi«= * y a * . 
ntcjmu4, »Rrffltt»^ta«tttt^t* ffl L^= 

*-C**&*i4SMrc, StaA<18JaLfca«3iE$SSL« 
It4cti=«fcy, **tttt?*faMtta«>?Mjy*;i 

Ja»»©»ftaj*«fc y tfti'aa* & «tt*fi<M4? 

©ftWbtt**}-^ MJ «^xtffli»icfc. ±3H© 

*jau o*y, afiyt**©NTC8i», as-sttffl 
«<© t * f- y «>x lti* 4. 

[0 0 19] 

x/W*tt©afi***4««*tt**#t:t,a>-c* 

4. 

[0 0 2 0] «mttt»»*V|.iJt»^XiLTtt» ft 

SJflg, #y-fSK. tf'j^usx v 

•J 3->l»»4«»* L < fflL\6*i4. 
[0021] iiK+S'ttBtt. *4|l::fifctt©X5K*«> 

*<b*!T?Bfl: (««) Lfct©t»iJ, fX7i/-j|, 



4C<!:A<T'#4„ **WT*tt % C*i y"J v 
y;n-r;us, fx7iy-^Aim^: 
t A<#£ LLV fflU5i*+v«(0i^->31tt 1 

oo~5ooaaat»*uy, sis&flticj; 

y. a#»S!» Mils. «*Ilc5Mli*i4. «#ins 

a, *ft*a#4«i»ii*s/anf»*inii=#jn-r4tfl!) 
■e. tfyrs:/. a***. #'j7i/-ik *y*;u 

10 ±79^. -CV5/7*-K»4t*4. ttttai*. x;tf* 
i/*H±0«£«ji£fc4 3JR7 = >S. ^ 5 

t&iCDV. 7i>-«. >75>«tffi*A<fe4„ 

[0022] flMbfflfiffiK* 
*irjsy. a<bS/i;ux,-j«+5/tt«xe3-K 
20 (mm . if^?. x^>-s (c^M) , 

[0 0 2 3] ^IMDTKyxXTiUWIBtt. ilc^ffiftz 
aSilt L < f±-a*»4: *«7;ua-;u,>: L 
fc7tfijxxx;u (»TH ooo~5ooosjS) 
«<oa#fT4e-;u ; EyT-i=ajBLfct,(o-e. as* 

*t*T»&*i4. M=fcCTa#fl*JM«ffJHL?a 

fcLTt,*^. **«T?ffl^4*iMDJKyx>iT;u©a 

30 7v;ui|A<ff^L<. -ti&MkLT 1***7 $)\,M, 
^iLTI±^neu>^ya-;k x^L/>$fij zi-ju 

#ff*w\, f-^/T-tLTiix^uv, yry 

K t*-,)Uh;ux>A<»^L^ 0 

aimollcfcfLTI. 0-3. OmolflJSr*fe4o *fc. 
*rtxai=feit*yjHbteJh, ®<bftte©issp*05fc«> 

10 [0 0 2 4] =©J:5«:^lMP7KyiXx;HIHBttmjR 
S*irfcy. a*«ij«S(x^7'v^, aiMb* 

fe4„ 

[0 0 2 5] #'M3 k/±, «a*ai=j:yiB*a[i^ 
iaati=*ai**i44<. ftwp«*a*y-r s K©t'xv 

a7 5>«tffl-5r-f^K*lnfi«*4LM±i?i>Hi:© 
Diels-AlderSJE^^Wffl LT«<b1»*4. *»B^"e 
0 tt. fXVKS Ki^#ffliv7'5>atffl#iP 
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fiJ£(=J:oTW&;h.4lf*7U-f5 KS/tf'MS KtttB 
ifciMitf it*. 

[0026] c©*a<tiKU-f 3 Ktti|rji**irfiy. 

[0027] iKy>U*>tt. *U-fV^7*-ht# 

S?£L<. 2, 4-$fcl42, 6-h'JUV^V>7 
*-k 97x-H,****M V*>7*-K ±7* 'J 
>5?-fV*>7*- L<flil*&*i4. tf'J*- 

;u= li, tK u ^ d e u >^ 'j a -;u*o)/K 'j i-x;utK 

Jlt«tffc * * 'J 7 P e U > V 'J □ L l\ 

««I4, 7S>£ (h'Jl?UV^75>*0)3«75 

a>£ttffl*£HXttJ: LTflMBLT*J:H. *jft • «<b 
fcttl4jttSW>*LtfJ:l*. 
[0028] C<0«fc5/«C,-tfJH7U$>|±iti!R**l-Ci3 

[0 0 2 9] yjLS-Jimmi*. 7xS-J\,t*)VM>7 
JUxt KSfO^JUxt K££&l«5£-t±Tf#b*U 

ttMMHWT-emtr*. *iea^T*ii, jffe&tJBi* 
[0 0 3 0] =a>J:3ft7iy-;Hir»(*fPH**i-c*s 

-5. 

[0031] ->'j3->«mi4, ^□^u-wteoiiy 

14, TK'Jixf-Mttt. 7*'j;u£tt, uK*S/«tt, 

©*ma<***ttiiMb»»T?**L/!:^'j =i->=r 
a. samb (rtv) iaffitt«#fc«fctfttiosa>s/y 

[00 3 2] w<D«fe5ft*>'Ja->«HBttmJE4*trfe 



[0033] mt«M*<bsarmi4. fiffuwttfig. s& 

L*. *fc. 2«a±tffli^T«Hl=fiji64i*fc»*«i-e 

[0034] I- 'J * XI4±E© J: 5 ftlMMb 

Tlix^X &WM14»ig£fcf4*©;g£8!l£l§- 
10 ArmvCt^lV, 

[0035] *ftnizffli.iftfi#?*afcftftfi. »^ 
iA<4 0 0 0SSJt;, ff*L<i4i oooSJt^-e, 
£ t> l < (4 2 0 0-soo ©ttAttttire **itf 
ftKMIfilifci^ %%. (2 5°cgg©££) r-Hftr- 
&4 *»©*<»* Li*. 

[0 0 3 6] ft#?ffl|fl:**fc LTI4. (* 

9'j/$X, tt*S9?*X©,fcdfc3ai&9 . 
20 jftjg (J|(tt»|=ii. ffift*fcl4Bttlii:«i;*;h.4t,©) 

ttl=tt» ttXft2 2fil±07;UA>SO)lC«ft1b^* 
*> , Mlftlfc (*fcttl=li. KXftl 2JU±©7;U*> 
%©X«K1t*X©MfiIt«) , BgKi|xx^;u (JU* 
tti=i*. ft**2 0Jii±©lMP»lftHij«*;u7;u=i- 
^»©««7;ua-;Ufc4»&»6#i*ttWBI»||a»y 
;n*x;us?) . Jg|ft»7 3 h* (JW*tti=tt. *u-f > 
87 5 K. x;u*»7 3 K«£0?MMIftlfc7 3 K 
») . flg)ftfll7 5> (JM*MI=I4, 0t*»1 6Jil±0)B 
30 )»ismi75» . iS«7;u=i-;u (Mi*Mlcl4. re* 
• 1 6Ja±©n-7;U*;U7^Ua-;W . Ifly<5 7^ 

«» : f*aHb^*fcLri45a6»9^^X, BJftBA<» 
[0 0 3 7] zmCD&ftttmitHtiUt. TPJE**IT 

fey, m»p a n^-E-fl)*^ffl^*c:tA<-et-5o 

40 [0 0 3 8] *»Wei4. »^ait4<»*L<l42 0 0 
"C&LT. 5blc»*L<l4l OOtlSlTrfc*-*- 5X 

Bk^mpA<4 0~2 0 0°C. * blC»^L<!440~1 
00tT»*4t©*fflt»4Zi:A<ff*LL». COJ^aft 

-*>C24H50 ; m P 4 9~5 2°C, ^^-^ K <) 7 a 
>C36 H74 ; mp 7 3°C, M*HNP-10 (B*«l 
SSttK) ;m P 7 5°C. HNP-3 (B*!**^) ; 
m P 66°Cftt*) . 7-f^P^W$g>7 7f^ (ft 
50 «A« Hi-Mic-1080 (H*«*lti 
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$[) ; mp 8 3°C. Hi-Mic-1 045 (B*ffl4» 
ttS) ; mp7 0°C, Hi-Mi c 2045 (B**MK 
ttg) ; mp 6 4°C. H i -M i c 3 O 9 O (B**Mll 
ttS) ; mp 8 9°C. ■b'jvZ 1 04 (B*5;fi*tSitt 
St) ;mp9 6°C. 1 5 5 V-f £ P 9 <K 2 7. ( B*5& 

tISttS) ; mp 7 o°cft£*) , flSKK («*.«. 

>» (B**Hb«) impair ^f7'J>ll(B* 

fiHbS) ; m P 7 2°C, (B*«HbS*) ; 

m P 6 4tSi:) , SgBSiUX^U 

I^WIXt* (XXfcJttU ;mp4 8°c4-i:) . 10 

K (flxli. tU-fVi7 5 K (S*SHb 
Si) ;m P 7 6°C) fti:*j!)<fc£>„ *f=, *'JXf 1/^9 

vO* («^tf*fi*=#yW9'5/$Xi 10 (=#5 
«ft*X*a«) : mp 1 0 0°C) , XtT'JVKT'S 
K (mp 1 0 9°C) . /<A>iJ7 5 K (mp 1 1 1 
°C) , N-N' -X^U>tfX^9'J^»7 5 K (mp 
157°C) , N-N' — i/^-U-f ;U7i/tf>ttT5 K 

(mp 1 1 9°C) . N-N' -/N4+fjl^Ui/t*X- 1 
2-tKD*Wf7'JVi7SK (m P 14 0°C) ft 
if***. /<7 7^ >9?*XI=tM«E*L 20 

fcBE£ 9 y £ X -V s C ©E-& 9 -V £ X l= 7 >T £ P £ U X $ 
'J>9y*X£;iaLfc*.©T*feo-C»jS£4 0~2 0 
0^1= Lfcfc©t»£L<ffl^£C 

[0 0 3 9] «#?««<b*ttl*. IM*a*»l=*oT 
1 «&SlMi2fllU±£a#?LTffll^-.!:j!)<T-#So 

[00 4 0] ffll'«fi*HF*a<bft«I©ttll. fWfc 

0. 2~4», »l=0. 2-2. 5feV&ZZttW$. 

ft tttS*<b*A<+»#&Hl3< <ftoT 30 
< -So £*Jlc;IStbA<*£ < STC«mift*ftlD 

#mtt*S^£©;IS*<S»l=ft^< 

So 

[0041] *#^i::ffli*4x/w*tt©36ie**-f s 

3^&»rt**irfey. as(Di/3~i/5o<DS!$o) 
R«tt<ox/w^*©3ieA<isros^ic«» canri 

0-5001) fftt-f StCOT-feSo *©#Jl[i&JI, 
ftlcN i*A<#*U\ 40 
[0 0 4 2] ::©J: 5 1«» HI*<« 

an=fftt-r4*M*-e*oTt*t»*«. -;**m><i o~ 

1 o o o«M*i:14 t»*Lti»i = 

TUU. flr#©«U:l,Tfi. x/<<r9tt©&£tto 

i*tta»--y7-;U^9^A<fcy, ap° B * I NCO Typ 

e 1 2 (-f^atttt tL-cmjR* 

ttrfcU. -t©¥i$tt«l.fc3~7 /on S&. JI*Mt©S 
JJI41. 8-2. 7g/cm3gS, JtaffiftliO. 34 
-0. 4 4m2/g^ST*fcSo 50 



[0 0 4 3] *fc, »*L<ffl^6*i4tt#©fli:Lr 

i±, 7^7>>h«--y^^^9^&y, s» D »* i n 

CO Type 2 1 0, 255. 270. 287--V 
*JU/<9f WVattW tLTTlilB**trfcy. CO) 
5*>INCO Type 2 5 5. 2 8 7 L l^o 

*LT, »*L<l*0. 1 

um BLh. «fcy»*L<l±0. 5iil±4. 0//mJUTS 

ST'fcSo c^tbroa*.. -jfctt^ovisiikaii 1 . o 

BLt4. 0j/mfirFi*«*#*l,<. C;h.lr¥$*!ia 
0. 1/i«a±1. O0m**ffl*©*5OM96JaT 
(S'o LT t> efcl N o £fc, JUMtfflWttO. 3-1. 0 
g/cm 3 *!*. J£XBW.t0. 4-2. 5m2/gfIST- 

fcSo 

[0 0 4 4] ftfc\ £fflJ§*©¥*Mt«l*7-f ?->i- 

[0 0 4 5] c©±5fc»«tttt?-i=-3i%-cii. #Bf!¥ 

5-4 7 50 3m *H«MJ537 8407*W 

[0 0 4 6] ttz. X/W^tt©SSB**t4»mtttt 
T-fflttl^ ffiiftMfrSWlStt^Sfcto©**^* 

, 4f?77-f HbA-#>? 
*«MftMBt»©ft***«tt**» 3* 

fc**>, S<bS?;ua-9A. *9<b?* 

fc. ttllTB-a 1 5 5 4f, H9-273 83^« 
|cBa*4vCl***«tt** 'J 9A9-T X*-* 

ftWDLTt*^. C©J;5ft**ttft^l±, X/W^ 

ttro^jg^ »f ssmtt^ro 2 5 a*%jyT 1 1 s = 

[0047] fflLNS**ttS^ro**(±s «HS^b1±i«» 
fVh'J'^Xt fi^^*«1b^«5©^tt«» (®1b*J 
H*#fc*r*j£#a>£t1-M) ©i. 5~5<§-c-l&sc 
t L i\ z ©il^ib*</J> * < ft o r wmttfe^© 
*A<'>ft<ftSt. #*^B»©M*tt*+»«<-r4 
C£A<-e#ft<fto-C<So fi»lc#«ttttT-©*4«* 

< <ftoT<S = 

[0 0 4 8] «l=. *«W©*«»jE«tt-y— 5X*© 
«Jt*ftl=*3L^"CKWr4. Br3fe«©Wb«r©» 

AHbtttrR warn. &#?*Mt$tois±isz'U 

^7tt©3lfi^^1-S#mtte^^;I^, »»LT^*4=K 
■ #l«*K«ffl*fl6l=**il** < . 

;I^*l-SijaA<;1ALfcli^lot3t^)i5i^^ftao *SS© 
B«fflfclftl=, *W«ft*iS. ^h>^. 7;un-;u 
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*MJS«fllll=iftL&t.\ *fctt. X* 'J->EP»I*© 
*tf f= J: y v- h«l= Lf=t©*IWMbtt«fBfflBfS© 

fc, SB**©*- Si'- Kttl=WbLfct® 
xH?£«*TL-c««£LTt,J;i\ »e>*ifc*>-H$ 

[0 0 4 9] *flM0**lt*- SX^ttt. * 

tt*l\ H*tf. Stt^vMJ-v^X, *#**<Hb 
**©»*ft*l»Jh1-4fc«>l=llft«fi±«l*aEA-r* = 

tfc#. saK^os, 

hi® (*«y>£) <t4T4«ffl^6*i.*. 

[0 0 5 0] **u A»»*t*j£ia8!li: Lt> 1«MRI5 

7- 1 206 1 4|»«=E«**lT^*aft^-f *. -> 
'J*, tt± (*«. . *»¥7- 
7 7 1 6 1^*|CE***IT^*5/'J=I>, 3HbW 
*, Bfls^-f*, *'J 'J7, ftM¥5-2 1 7 

7 1 i*4M=f«£ii?i*«ftMM:*. IWb-yy* 

[005 1] »AttlfllJt©fcftl=. ftBfl¥5-2 2 6 1 

1 2#»«l=f!«4*i"Ct»*Wt**>, Kfc«* Kfc 
SIB. ->'J*> IWbvy*S/^A, 7JUS7% Kfc^n 
A. MI/OJ^A, Jtt»*jUS/^A, *mt*JU5''i> 

Lx*Wtt««*©«l*Htt:, JU*»l=tt, >M'<'J 

[0 0 5 2] H«E3fe#©fciftl=, «U¥4-7438 
3 *»«I=E«4*IT i**IHfc***»*Mn LT * <fc 

l\> 

[0 0 5 3] i|jK«*©fett>f=. WHW5-7 4603 

8- 1 7 5 6 3«4rtH=B«4*lTl»*«fli**>, » 
[0 0 5 4] ttattfl^LT. *4MB5 9-1 05 5 3 

KB. «Bfl¥6-7 6 5 1 H*»<H=E***l-Ct^*» 

it. *#BS¥7-6 a 6 4*4Mll::E«S*i.Tl»**JU 

7-2 6 3 1 2 7^mizE«£ft-t^-5v;ut: 
8t*{* (tf;Hb«) . 7X77JUK 4&l=l±s U>» 
t*X (4-t-^7i-JH + MJ^A^SjSflQL 

[0 0 5 5] 7-*IIWW«W£L.Ttt. »»¥4-2 

8 7 44#a*l=E«4*lTL»4r;U5 + . V^v7 
*»*. t#gflBa6 1 -25005 8*»W=E«4*IT 

[0 0 5 6] MWIKlMHfcLT. ^7-6864 



*4HII=B«*ih.Tl*4-nu#y ?^MD 10 2 4 
[0 0 5 7] *f=» IBttM£ LT, iffgasae 1 -2 3 9 

5 8 HMMU=E«**iTt^*H»fl:=T>y^>, * 

K-lbyjUS-OA. t#Bfl¥5-7 4 6 0 3#^«|ZEK 
£;KTl^7k»<bv7*v'7A, *&|Z|*. 2, 2-t* 
X (4-tKP+->-3, 5-i/?Pt7i-JW ^0 
*'J ^yfclf-'jTV (PVDF) m<Hi\Uf> 

10 ="7A«©'J>*fc4*»taiPLrtJ:l^ 
[0 0 5 8] £*1&BWH=*, ttfcBIB. 

». #7X7 U— 7. #?X*8«t. *»A;U->*A»* 

Bfel/ctJ:!.*. 

[0 0 5 9] C4l&©Stt»tt. »^7MJ97X. 

20 [0060] *««©*«* jEWt-y— sx*i±, $m 

*B*l::*srt4tt»iStt*t«<. *©gjBJfcfttfifill± 1 0 
-2-1 0°Q •cmSJtT'S.y. »^ii*l=fcltS«j5i©lE 

[006 1] 

19MM1 KIT. *«W©*ltfl«tt«MWfcfc*l=S 

<*ffi«"j 1 > wwbttK^ h y >* * x t l.t tfx 7 

x/-VUAfflxjK*$/*B (;UHb*>i;UX7K*vttSk 
30 S5S,*xen-h8 0 1) , £147 5 VSSMbSfl (JS-fb 
•>i;UX**«>tt§l. jSSp° n *X7t<^-hB0 0 2) . i£ 
$WrtMb*WfcLT/<7 7<f V 1 ??* X (S*ffi*itt 
S. ffiS.*HNP-1 0. «^7 5°C) . »*ttlia^<!: 
Lt7^7>>HJ!-'>7JUWy ( I NCOtiS. n 

^(7)5piSi^gli 2 . 2-2. 8 tun . HAMt©^Jtl± 
0. 5-0. 6 5g/cm3, itSSWIiO. 6 8mVg-efc 

[0062] fX7i/-JUH^yil2 0g . 
40 «tt75>SHHk»1 Og . /«77^7l»7X1 S| 
<XjK*<>«»fcWb«©*ttM©0. 5<g) . x.j/ 
-!r;i</Wi8 0g (*ttlfiE»©^!+»*©4fg) . h 
;Ux>2 0ralSa<C>iC»«*-e*?|l 0»;I^Lfc„ *L 
»6*ifc«»tt©jE***ff4 3 0/im ©N i m<r> 
*a©Jtffll=»*Lfc*. t3-«C©N i StSt'tt^ 
2>*k KHftiztt^-ex^— y— *fflt^r±l*-cJ»4 1 

mmirL, !»^UX«1?JOELfcttJ8T8 0 "Ct? 3 »IH1 Ja 

MMb**fc. c©ma*^E**^v-Htt^b^ 

$gEg1cm<7)Rffittl-tT^tii#. *««jE«tt-y— SX 
50 tm+tmtc C©-9— 3X**^©«IIKiiH*Bl 



(8) 
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l=*-T. BB1I-***l«J:3I=. tf- 5X***I±N i 
>«SA>b^fiE^^fc*«1 1«l=, tt»T**Mb**i:» 

[0063] ^oflt^^nafln-vsa (2 5°o 

1 2 0 o C*T-2°C/niin'eJMi«ft, ftiPU ffi£©SJ$ 

4*n*a-c*tt«*aiSLT3i*-ittttdiiii** 

[0 0 6 4] *DW^;a«tii (2 5°C) 1*8. 2 x 1 0"3 
Q (6. 4 x 1 0-2 Q ■ cm) , VyOZQWiAl 5°Ctt 

fcofco tttttfifJllLfctt* *6I=1 2 0°c£-e»]&£ 
ttl+T*, fita©Ji'> <NTC»*) l±Jlb*lfcfro 
fc= *fc, >MJB#©31*-«tt«lil*. 10lW»fflt.a>fc 
< SE-fb-tSC t <t < . txf 'J S/Xii+»/h* 

[0 0 6 5] <**«2>««Httt»» ; fVS'Jv^X 

-110AD, *«HMb*fcLTJlWb'<>V-f* 
«bSS7?7SL fflp D B «* K^XB-7 6W) . «# 

°o , si-mtt^tLTSlififlli tRCy* 7J*>M* 

= V*JU/<*$f ( I NCOltl, S5fin*Ty p e 255 

[0 0 6 6] TWOJK'jxXTMIHBaog , amt* 
>'/-OU0. 3g , ***>Wt1 5g, = ?frJU/<^5M 
80g ( HUi>2 0«l*aGa#1Ml-C«1 o#s* 
Lfc. fLT, »b*lfc«#M*«>a***W*3 0<im 
CON i Jf©ftS©*iEf=ftffiLfett. *5-*©N i J§ 

«a-c**&*. wisic^-ex'c— y— tjui^r* 

1 mm 4U »?UX«T?»ELfctt«-C 8 0°C 
■C3 o»milnlHMb**fc. ^©««#»E»**ifc*> 
- htt«fls«l**fi 1 cm©n8ttlc*T*>iS!*, **KiE 

fttt-y— 5x***£»fc. lt, c©**©a«- 

tttt0!<!£9tlMH tHUtltUfc. Cfl>*SS*03 

[0 0 6 7]»«aitft(2 5lC) 1*5. 0X10-3 
Q (3. 9x 1 0-2 Q -cm) , ^'WBfflllljftB 1 °Ctt 

ofco LfcSL 2 0t*"CJn»*« 

ItTt, ttfit©3*'> (NTCSIl) ttlStA/ifJl&tl* 

frofc. *fcs 5frfflBt©ajt-atfiffl»i*, *^B#o)t 
©t*#<*ftr*ci:a<. txfU'^tti ota 

S3l#*©«jSSIMBI*iU B*rcLTHaB*fl)Sl 

ii#(oiii^;aaro^ 

(*ft*Mi) fcfcXT'Ji/XflEiLfc. 

[0 0 6 8] <3SteW3>3S«E0MKfcl^T. &«<bte 



ju-< 5 kb 6 0 D 20g . v*fju*;uA7 5 Ki o 

g 1 5 0°CT*1 BtfBK 1 8 0tT*3B#IHflMb3 

#fc«tt. xitfn t PMM= btt- 5 x^m^^^s 

[0 0 6 9] <JEftft4>$iKftl1 l=JSt»T. WEfttt 

10 i/*ig, «tt7s>*wbjw«>ft*3yi=» tfyoi^v 

(BStfU^U^XML fia*3n^-H 30g 

* ibi\ 1 o o°ct* 1 mmit*ititmt* i t 

B»=LT*- 5**«**ft«U B*l=IMI*fTo 

fete*, mmm©-*- ax*»tw©«ftwi 

bftfco 

[0 0 7 0] <SllS«5>StJt«il=fc^T. MflMbtt 
B^hiJ-^XtLT. tfX7i/HUH^ 

*tt7 3>*Wb»©ft*3yi=. 7x/-jH8 

fig (ttt^5-fK«. iSjp a B «X5=i>PM) 3 0g 
20 1 2 0^r3BMMHb*l*fctttt» t 

[007 1] <|llS«B>5a6fl1l::fclU\ RHS-tbtt 

»>*m. *tt7 5>*wb«©tt*jyt» i/'j3-^=r 

A (*2->'J =!->«» jSn a B*TSE3 2 2 1) 3 Og 
1 0 0°CT- 1 BMIIWtS-ttfctttt. 1 t 

H«=LT*- S^*»**ft«L, n«l=IMi*fTo 
30 fcfcdi. ttmWH 5X**^fcH»©tt«36<» 

btlfco 

[007 2] <J±««1 >/<77-f >7v* X^fflt^ 
I*. X#*2/«»fcWt*!©*l+M©4tt©-3/$-;U 
/<->y*E*Lfc«li. HK«I1 iW*l=LT-9— 5X 

«xikMi £Pit$i-i.-c$fco cro«*$ia4ir^-r= 
[0073] z©*^roin»j©S;a»fii (2 5°o i± 

8. 8 x 1 0" 3 Q (6. 9x1 0 -2 Q • cm) 8 0°C 

Mb* b i=afit3^J«in l , Bjtt4-te^;a«*<» b+t 

40 ^ofc„ *fc, 1 8 0°CT*ffim<il*1 3Qt> 
ft*l*3. 2ffifc/h*fr-3fc. 
[0 0 7 4] <tb««lj2>*-7t<>^7-V^ 

SSp d p* h-A?5v^#4500 ; ¥«0iiaS6 
Onm, J±a®«6 6m2/g) x,-ff+ 

t «Hb#J t / < 7 1 4 > ^ ^ X 4 ©^StSft © 
O. 3<S©*-/K>^7-v^^BE^Lfcffil±. HS£«1 
4B*l=LT-y— 5X**^*f*«L. HWlcIMItft 

[0 0 7 5] C©*^©lD«©^;afitjt (2 5°C) It 
50 7. 2Q (5 6. 5Q-cm) T», 9 X©»^ 7 5°C 
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[0076] *fc, ±iaro*-^>^7-v^<z)iB^4^ 
;I^*l3*fL0. 5 Sffl«Ja£T 

[0 0 7 7] 

WDtXT'J$/X*W*<. ttttJMn«0NTC*ttj&< 



[■■0fl*&Rfl] 
[01] «MtEWfr»- 



[@2] mttn ©-9— sx^K^caa-ttfitftii-c 
[03] sas«2a>-9— sx^ss^roajt-ftttflmttf 

[»*<OKW] 

1 1 *« 

1 2 +)— 



[01] 



1x10 9 
1x10 8 
IxlO 7 
1x10 s 
1x10 s 
1x10 4 

s 1x10 

§ IxlO 2 
IxlO 1 
1x10° 
IxlO" 1 
IxlO 2 
IxlO' 3 





— 



































^ J? 








. .H^^w^! 
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[03] 



1x10 9 
1x10 s 
IxlO 7 
1x10 s 
IxlO 5 

3 1xl ° 4 
g IxlO 3 
* IxlO 2 
IxlO 1 
1x10° 
IxlO 1 
IxlO* 2 
IxlO -3 
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T 
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SO 100 150 



IxlO 9 
1x1 O e 
IxlO 7 
1x10 s 
1x10 s 
^ IxlO 4 
2 IxlO 3 
§ 1x10 2 
IxlO 1 
1x10° 
IxlO -1 
IxlO 2 
IxlO" 3 
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